Meta-analysis of the effects of essential oils and their bioactive compounds on rumen fermentation characteristics and feed efficiency in ruminants.
The present study aimed at investigating the effects of essential oils and their bioactive compounds (EOBC) on rumen fermentation in vivo as well as animal performance and feed efficiency in different ruminant species, using a meta-analysis approach. Ruminant species were classified into 3 classes consisting of beef cattle, dairy cattle, and small ruminants. Two datasets (i.e., rumen fermentation and animal performance) were constructed, according to the available dependent variables within each animal class, from 28 publications (34 experiments) comprising a total of 97 dietary treatments. In addition, changes in rumen fermentation parameters relative to controls (i.e., no EOBC supplementation) of all animal classes were computed. Data were statistically analyzed within each animal class to evaluate the EOBC dose effect, taking into account variations of other variables across experiments (e.g., diet, feeding duration). The dose effect of EOBC on relative changes in fermentation parameters were analyzed across all animal classes. The primary results were that EOBC at doses <0.75 g/kg diet DM acted as a potential methane inhibitor in the rumen as a result of decreased acetate to propionate ratio. These responses were more pronounced in beef cattle (methane, P = 0.001; acetate to propionate ratio, P = 0.005) than in small ruminants (methane, P = 0.068; acetate to propionate ratio, P = 0.056) and in dairy cattle (P > 0.05), respectively. The analysis of relative changes in rumen fermentation variables suggests that EOBC affected protozoa numbers (P < 0.001) but only high doses (>0.20 g/kg DM) of EOBC had an inhibitory effect on this variable whereas lower doses promoted the number. For performance data, because numbers of observations in beef cattle and small ruminants were small, only those of dairy cattle (DMI, milk yield and milk composition, and feed efficiency) were analyzed. The results revealed no effect of EOBC dose on most parameters, except increased milk protein percentage (P< 0.001) and content (P = 0.006). It appears that EOBC supplementation can enhance rumen fermentation in such a way (i.e., decreased acetate to propionate ratio) that may favor beef production. High doses of EOBC do not necessarily modify rumen fermentation or improve animal performance and feed efficiency. Furthermore, additional attention should be paid to diet composition and supplementation period when evaluating the effects of EOBC in ruminants.